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FLUIDICS SYSTEM 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/231,548, ?led on Sep. 11, 2000. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and systems of 
controlling ?uid ?oW. This invention also relates to methods 
and systems of ?uid ?oW control for sample analysis and 
methods, and systems of ?uid ?oW control in portable 
?uidics systems. 

BACKGROUND 

[0003] Fluid control is necessary for many systems 
capable of automated chemical and biochemical analysis. 
These systems typically require liquid samples, reagents, 
and buffers to be dispensed in a controlled manner. Making 
these analysis systems portable presents unique demands on 
?uidics systems that have not been successfully met by 
currently available technology. These demands stem from 
the combined requirements of automation, compact siZe and 
compatibility With unprocessed samples, especially for ?eld 
operations or point-of-care applications. 

[0004] For laboratory-scale devices, there is an assortment 
of mechanical valves suitable for ?uid handling and control. 
HoWever, the siZe of these components makes them imprac 
tical for portable analysis systems. While small valves of 
analogous design have been developed and are commer 
cially available, as the valve siZe is reduced, clogs by the 
components of complex sample matrices become an impor 
tant limitation. 

[0005] Micro-total analysis systems (F-TAS) perform 
integrated chemical analysis and ?uid control on the micron 
scale. Many of these systems are capable of valveless ?uid 
control by means of electrokinetic pumping and sWitch 
driving pressures. (ManZ, A. et al. in Micro TotalAnalysis 
Systems; and van den Berg, A. et al., Academic Publishers, 
Dordrecht, 1995, pp. 5-27). HoWever, micron-scale channels 
can become clogged When unprocessed environmental and 
clinical samples are used. In addition, materials can be 
adsorbed onto channel Walls and interfere With osmotic 
pumping. Furthermore, these devices have a relatively loW 
volume throughput making them impractical for the analysis 
of milliliter volumes, as may be required for accurate 
measurement of trace constituents or analysis of inhomoge 
neous samples. 

[0006] The need for intermediate scale ?uid handling 
systems has been identi?ed. (VerLee, D. et al., Technical 
Digest, Solid-State Sensor and Actuator Workshop, 1996, 
pp. 9-14) Among the developments in this area are pneu 
matic diaphragm valves integrated directly into the device’s 
?uidics channels. This approach provides ?uid regulation 
While adding only slightly to the overall siZe of the system. 
HoWever, diaphragm-based valves can suffer from sticking, 
clogging, and performance loss due to diaphragm aging. 

[0007] Valveless ?uid control has also been developed, 
thus eliminating the problem of valve clogging by sus 
pended contaminants. For example, pressure control and 
pressure differentials can sWitch ?uid ?oW betWeen micro 
channels. (Brody, J. P., 1998, Us. Pat. No. 5,726,404) This 
method of ?uid control is based on the application and 
regulation of differential pressures to each ?uid channel and 
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is only applicable in the loW Reynolds number regime. The 
regulation of differential pressures makes the design inher 
ently complex and, further, the requirement for pressure 
sources and regulators limits the feasibility of this method 
for portable instrumentation. The limitation With regard to 
the loW Reynolds numbers regime makes the method 
impractical for the control of aqueous ?uids in channels 
greater than approximately 100 microns. (Brody J. P. et al., 
Technical Digest, Solid-State Sensor and Actuator Work 
shop, 1996, pp.105-108; and Brody J. P., Biophysical Jour 
nal, 1996, 71, pp. 3430-3441). Although valves may not be 
clogged With these approaches, the ?uid channels them 
selves are likely to be clogged by suspended contaminants. 
Electrokinetic pumping and sWitching systems have also 
accomplished valveless ?uid control in micron-scale 
devices. (ManZ et al., Advances in Chromatography, 1993, 
33, pp. 1-67.) Similarly, hoWever, these designs are limited 
to the loW Reynolds number regime, Where micron-scale 
channels are prone to clogging. Further, these methods 
require large driving potentials, typically on the order of a 
kilovolt, and ?uid ?oW that can be drastically affected by 
sample components adhering to the Wall of the channel. 

SUMMARY 

[0008] According to certain embodiments, the present 
invention provides a ?uidics system and a method for 
selectively draWing ?uid from at least one reservoir into a 
channel by providing a negative pressure source doWn 
stream of the ?uid and channel and simultaneously back 
?lling the reservoir With a gas. For example, the present 
invention may comprise a ?uidics system comprising an 
enclosed ?rst reservoir having a ?rst adjustable vent; an 
enclosed second reservoir having a second adjustable vent; 
a primary ?uid channel; a ?rst passageWay for receiving a 
?rst ?uid from the ?rst reservoir and connected to the 
primary ?uid channel; a second passageWay for receiving a 
second ?uid from the second reservoir and connected to the 
primary ?uid channel; and a negative pressure source doWn 
stream of the primary ?uid channel. The negative pressure 
source is con?gured for moving the ?rst ?uid but not the 
second ?uid to the primary ?uid channel When the ?rst 
adjustable vent is not in a closed position and the second 
adjustable vent is in a closed position; for moving the second 
?uid but not the ?rst ?uid to the primary ?uid channel When 
the second adjustable vent is not closed and the ?rst adjust 
able vent is closed; and for moving the ?rst and second ?uids 
to the primary ?uid channel When the ?rst and second 
adjustable vents are not closed. 

[0009] According to certain embodiments, the present 
invention provides a ?uidics system and a method for 
selectively draWing ?uid from at least one reservoir. The 
?uidics system may comprise a primary ?uid channel com 
prising an input and an output; a ?rst sealable reservoir 
comprising a ?rst ?uid output ?uidically connected to the 
primary ?uid channel input, and a ?rst vent con?gured to 
selectively seal and unseal said ?rst reservoir; a second 
sealable reservoir comprising a second ?uid output ?uidi 
cally connected to the primary ?uid channel input, and a 
second vent con?gured to selectively seal and unseal said 
?rst reservoir; and a negative pressure source connected to 
the primary ?uid channel output. The system can be con 
?gured to selectively draW at least one ?uid from at least one 
of the ?rst and second reservoirs into the primary ?uid 
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channel When the negative pressure source is activated and 
the respective reservoir is unsealed. 

[0010] The present invention also involves a portable 
analysis system for conduction of biochemical and/or 
chemical analysis that contains a three-dimensional ?uid 
circuit; a ?rst enclosed reservoir having a ?rst adjustable 
vent; a second enclosed reservoir having a second adjustable 
vent; a ?rst passageWay for receiving a ?rst ?uid from the 
?rst reservoir; a second passageWay for receiving a second 
?uid from the second reservoir; a primary ?uid channel; a 
?rst connecting channel connecting the ?rst passageWay to 
the primary channel; a second connecting channel connect 
ing the second passageWay to the primary channel; a mul 
timode Waveguide; a barrier con?gured to prevent ?uid ?oW 
betWeen the ?rst and second connecting channels; and a 
negative pressure source doWnstream of the primary ?uid 
channel. The ?rst and second reservoirs and passageWays 
are elements of the ?uid circuit. The ?uid circuit has 
elements and a series of layers and at least one of the 
elements is formed using molding techniques, and at least 
partial elements are formed by molding and mechanical, 
chemical, thermal and optical etching. Each layer of a series 
of layers is at least a partial element of the ?uid circuit. The 
layers are fused together to form a complete element of the 
?uid circuit. The negative pressure source is con?gured for 
moving the ?rst ?uid but not the second ?uid to the primary 
?uid channel When the ?rst adjustable vent is not in a closed 
position and the second adjustable vent is in a closed 
position; for moving the second ?uid but not the ?rst ?uid 
to the primary ?uid channel When the second adjustable vent 
is not closed and the ?rst adjustable vent is closed; and for 
moving the ?rst and second ?uids to the primary ?uid 
channel When the ?rst and second adjustable vents are not 
closed. 

[0011] The present invention involves a method of per 
forming a biochemical analysis, having the steps of moving 
a ?rst ?uid in a ?rst reservoir having an adjustable ?rst vent 
to a primary ?uid channel When said ?rst adjustable vent is 
not in a closed position and not moving a second ?uid in a 
second reservoir having a second adjustable vent in a closed 
position When a negative pressure source is activated doWn 
stream of said primary ?uid channel; and analysing a ?rst 
?uid. 

BRIEF DESCRIPTION OF THE INVENTION 

[0012] The accompanying draWings, are incorporated in 
and constitute a part of this speci?cation, and illustrate 
several embodiments of the invention. 

[0013] FIG. 1 is a schematic representation of a tWo 
reservoir ?uidics system according to the present invention. 

[0014] FIG. 2 is a schematic representation of a multi 
positioned valve for connecting a reservoir to a given source. 

[0015] FIG. 3 is a schematic representation of a tWo 
reservoir ?uidics system With serial and parallel ?uid chan 
nels, multiple negative pressure sources, and an auXiliary 
?uid reservoir. 

[0016] FIG. 4 is a schematic representation of a three 
reservoir ?uidics system With venting valves controlled by a 
controller. 

[0017] FIG. 5 is a schematic representation of a three 
sample reservoir/chamber, tWo-reagent reservoir, and mul 
tiple ?uid channel ?uidics system With a system relief vent. 
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[0018] FIG. 6 shoWs ?uorescent signals corresponding to 
the sWitching of a tWo-reservoir ?uidics system. 

[0019] FIG. 7 is a schematic representation of a series of 
layers of a ?uidics cube. 

[0020] FIG. 8 is a three-dimensional perspective vieW of 
a simpli?ed tWo-sample reservoir, tWo-reagent reservoir 
?uidics system. 

[0021] FIG. 9 shoWs an image of an analysis performed 
With a ?uidics system. 

[0022] FIG. 10 illustrates a summary of the analysis 
results from FIG. 9. 

DESCRIPTION OF CERTAIN EMBODIMENTS 

[0023] Reference Will noW be made in detail to certain 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings. 

[0024] The section headings used herein are for organiZa 
tional purposes only, and are not to be construed as limiting 
the subject matter described. All documents cited in this 
application, including, but not limited to patents, patent 
applications, articles, books, and treatises, are expressly 
incorporated by reference in their entirety for any purpose. 

[0025] According to certain embodiments, the present 
invention provides a ?uidics system and a method for 
selectively draWing ?uid from at least one reservoir. As 
shoWn in FIG. 1, a ?uidics system 100 can include a 
primary ?uid channel 110 having an input end 112 and an 
output end 114; a ?rst enclosed and sealable reservoir 116 
having a ?rst ?uid input duct 118 ?uidically connected to the 
primary ?uid channel input end 112, and a ?rst vent 120 
con?gured to selectively seal or unseal (open or close) the 
?rst reservoir; a second sealable and enclosed reservoir 122 
having a second ?uid input duct 124 ?uidically connected to 
the primary ?uid channel input end 112, and a second vent 
126 con?gured to selectively seal or unseal (open or closed) 
the second reservoir; and a negative pressure source 128 
connected to the primary ?uid channel output end 114. The 
system can be con?gured to selectively draW at least one 
?uid, 130 or 132, from the ?rst and/or second reservoir, 116 
or 122. The ?uid is draWn through the ?rst or second input 
duct, passageWays, 118 or 124, into the primary ?uid chan 
nel, 110, When the negative pressure source, 128, is activated 
and the selected reservoir is unsealed by opening its vent, 
120, 126. Gas can occupy space 134 above the ?uids, 130, 
132 Within the reservoirs, 116, 122. The reservoir is enclosed 
eXcept for an adjustable vent Which can be associated With 
a valve, 136. 

[0026] It should be understood that, as used herein, “seal 
able”, “sealed”, “unsealed”, “open”, “opened”, “close”, and 
“closed” and grammatical variants thereof refer to the ability 
of a ?uid to ?oW in or out of an element, such as a reservoir, 
or to the state of the vent that permits or prevents ?uid ?oW. 
A ?uidics element, such as a reservoir, is understood to be 
sealed When ?uid can not readily ?oW out of the reservoir 
Without, for eXample, creating a (at least partial) vacuum in 
the reservoir. 

[0027] For eXample, as shoWn in FIG. 2, reservoir 216 
having a ?uid 230, a gas space above the ?uid, 234, an input 
?uid duct 218 and a vent 220 connected to a valve 236 that 
is sealed When the valve 236 is closed. As discussed further 
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below, the reservoir 216 can also be in a sealed position 
When it is connected, via, for example, by the vent 220 and 
valve 236, to a negative pressure source 228. The reservoir 
216 is unsealed When it is connected, via, for example, by 
the vent 220 and valve 236 to the atmosphere. As discussed 
further beloW, the reservoir 216 can also be in an unsealed 
(or vented) position When it is connected, via, for example, 
by the vent 220 and valve 236, to a positive pressure source 
238. 

[0028] According to certain embodiments, sealed and 
unsealed can be relative terms, When the sealed reservoir is 
connected to a relatively loW pressure source, and the 
unsealed reservoir is connected to a relatively high pressure 
source. Further, as discussed beloW, a vent can be connected 
not only to pressure sources, but to additional ?uid sources, 
such as an auxiliary ?uid source, as Well. Moreover, as 
discussed beloW, a single multi-positioned valve can be used 
to regulate the connection of multiple reservoirs or cham 
bers. 

[0029] It should be understood that, as used herein, the 
characteriZation of a pressure source as positive or negative 
is in reference to atmospheric pressure. Additionally, “nega 
tive” and “positive” can be considered relative terms When 
used together to differentiate betWeen multiple pressure 
sources. For example, a negative pressure source is a pres 
sure source that has or provides a pressure of less than 
atmospheric pressure or less than a positive pressure or 
provides a suction. A positive pressure source is a pressure 
source that has or provides a pressure of greater than 
atmospheric pressure or greater than a negative pressure. 
Atmospheric pressure (also understood to be a pressure 
source) is understood to be the local pressure of the atmo 
sphere, and is not necessarily limited to standard atmo 
spheric pressure, and can be either naturally occurring or 
arti?cially generated. 
[0030] According to certain embodiments, the system can 
have multiple ?uid channels, such as more than one primary 
and/or multiple secondary ?uid channels, When a given 
primary ?uid channel includes at least tWo secondary ?uid 
channels. For example, the primary ?uid channel can deliver 
?uid into a ?rst and a second secondary ?uid channel, each 
secondary channel having an input end and an output end or 
the secondary ?uid channels can function as the primary 
?uid channel. The multiple ?uid channels can be connected 
in serial fashion for serial ?uid ?oW, in parallel fashion for 
parallel ?uid ?oW, or any combination thereof, such that 
some of the multiple ?uid channels are connected in parallel 
While others are connected in serial. 

[0031] For example, as shoWn in FIG. 3, the primary ?uid 
channel 310 can be connected to secondary channels. The 
?rst 340 and second 342 ?uid channels can be ?uidically 
connected in series or the ?uid channels 344, 346, 348 can 
be connected in parallel. The ?rst 316 and second 322 
reservoirs can be ?uidically connected to input ends of the 
?uid channels. The connections can either be direct connec 
tion, or can be indirect, such as, for example, via a manifold 
350, conduit, or other connection element. 

[0032] According to certain embodiments, the system can 
be con?gured to selectively draW ?uid from at least one of 
the ?rst and second reservoirs into both the ?rst and second 
secondary ?uid channels When the negative pressure source 
is activated and the respective reservoir is unsealed. For 
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example, in the case of ?uid ?oW from the ?rst reservoir, the 
?rst reservoir duct can be connected via a 1-2 manifold. The 
manifold connects to the output end of the ?rst reservoir duct 
and, on the other end, connects to both the ?rst and second 
primary ?uid channels. According to certain embodiments, 
the inverse connection scheme, Where tWo reservoirs are 
connected via a 2-1 manifold to a single ?uid channel, is also 
possible. Thus, according to certain embodiments, the sys 
tem can further include a manifold, to connect the output 
ends of the ?rst and second secondary ?uid channels to the 
negative pressure source. The manifold is not limited to 1-2 
or 2-1 manifold, but can include any number of input and 
output connections. 

[0033] According to certain embodiments, including, for 
example, embodiments containing multiple primary and/or 
secondary ?uid channels, the negative pressure source can 
include multiple negative pressure sources. For example, as 
shoWn in FIG. 3, the negative pressure source can contain 
?rst 328 and second 352 negative pressure sources. The ?rst 
328 and second 352 negative pressure sources can be 
connected, for example, to the output ends of the ?uid 
channel (doWnstream) 344, 346, and 348 as shoWn in FIG. 
3, respectively. According to certain embodiments, the ?rst 
and second negative pressure sources can or can not be 
independent negative pressure sources, and can or can not be 
con?gured to operate sequentially and/or simultaneously. 

[0034] According to certain embodiments of the present 
invention, the system can be con?gured to selectively draW 
?uid from the ?rst and/or the second reservoir into the ?rst 
and/or the second secondary ?uid channel When the negative 
pressure source that is connected (doWnstream) to the sec 
ondary ?uid channels is activated and one or both of the 
reservoir’s vent is unsealed, open. 

[0035] For example, as shoWn in FIG. 3, if the ?rst 
reservoir Were unsealed and the second reservoir Were 

sealed, and if the negative pressure source, 352, Were 
activated, ?uid in the ?rst reservoir Would be selectively 
draWn into both ?uid channels, 346, 348. The secondary 
?uid channels, 346 and 348, are in a parallel position. 

[0036] As another example, if the ?rst reservoir Were 
sealed and the second reservoir Were unsealed, and if the 
negative pressure source, (connected to tWo parallel second 
ary ?uid channel output ends) Were activated, ?uid from the 
second reservoir Would be selectively draWn into at least one 
of the secondary ?uid channels. 

[0037] As yet another example, the ?rst negative pressure 
source 328 is connected to the output end of the ?rst ?uid 
channel 344 and the second negative pressure source 352 is 
connected to the output end of a second ?uid channel, 346 
and 348. If the ?rst reservoir Were unsealed and the second 
reservoir Were sealed, and if the ?rst negative pressure 
source 328 Were activated, ?uid from the ?rst reservoir 
Would be selectively draWn from the reservoir into the ?rst 
secondary ?uid channel 344 but not into ?uid channels 346, 
348. Depending on Whether or not the second negative 
pressure source functions as a closed valve When not acti 
vated (thereby restricting ?uid ?oW through the pressure 
source), ?uid in the second ?uid channel can be draWn into 
the ?rst ?uid channel. HoWever, When it is desirable to 
prevent any ?oW, a shut-off valve 354 and/or one-Way valve 
356 and/or a negative pressure source 352 that functions as 
a closed valve, e.g., a peristaltic pump, (When not activated) 
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can be included in the case of multiple ?uid channels. The 
valve is positioned to allow ?oW into the input end of the 
?uid channel and to restrict ?uid ?oW out of that input end. 

[0038] Alternatively, it can be desirable to alloW ?uid 
transfer betWeen parallel ?uid channels. For example, it can 
be desirable to draW ?uid from a reservoir into a ?rst ?uid 
channel, and then draW the same ?uid sample into a second 
parallel ?uid channel. This can be accomplished, for 
eXample, by effectively unsealing the reservoirs, effectively 
unsealing the output end of the ?rst ?uid channel, and 
activating a negative pressure source connected to the output 
end of the second parallel ?uid channel. This ?oW arrange 
ment could be used, for eXample, to alloW for the sequential 
analysis of a single sample in multiple parallel ?uid channels 
con?gured to analyZe a sample. 

[0039] According to certain embodiments, the system can 
include multiple ?oW channels arranged in a serial arrange 
ment. As shoWn in FIG. 3, the ?rst 316 and second 322 
reservoir output ducts can be ?uidically connected to an 
input end of a ?rst ?uid channel 340. An output end of the 
?rst ?uid channel 340 can be ?uidically connected to an 
input end of a second ?uid channel 342, and an output end 
of the second ?uid channel 342 can be ?uidically connected 
(directly or indirectly) to the negative pressure sources 328, 
352. According to certain embodiments, ?uid can be selec 
tively draWn into the ?rst secondary ?uid channel, and 
alloWed to stop (by, for eXample, deactivating the negative 
pressure source) in the ?rst secondary ?uid channel before 
being subsequently draWn into the second secondary chan 
nel connected in series. This ?oW arrangement could be 
used, for eXample, to alloW for the sequential analysis, 
including ?Xed and/or variable incubation and/or analysis 
periods, of a single sample in multiple parallel ?uid channels 
con?gured to analyZe a sample. 

[0040] According to certain embodiments, the system can 
be con?gured such that ?uid does not ?oW into the primary 
?uid channel unless both the negative pressure source is 
activated and at least one reservoir is unsealed. In the case 
of multiple negative pressure sources, the system can thus 
include auXiliary cut-off valves and one-Way valves, as 
discussed above. These auXiliary elements can be contained 
in other embodiments as Well. 

[0041] Additionally, unWanted ?uid ?oW can be controlled 
by using gravity in order to maintain it in a desired location, 
e.g., in a given reservoir(s). For eXample, the connection 
path betWeen a given reservoir and a given ?uid channel can 
include the ?uid being draWn to a height above the ?uid 
level in the reservoir, such that inadvertent or unWanted ?uid 
?oW is eliminated or minimiZed absent the activation of the 
negative pressure source and venting, opening, of the appro 
priate vent. UnWanted ?uid ?oW can also be minimiZed 
and/or eliminated in certain embodiments by including a 
barrier betWeen or extending the separation of the connec 
tions of the multiple reservoirs into a common path leading 
to the ?uid channel. 

[0042] The negative pressure source used to selectively 
draW ?uid into the ?uid channel can be any pressure source 
capable of draWing/moving a ?uid. The negative pressure 
source can be, e.g., a pump, including a pump chosen from 
a peristaltic pump, a suction pump, a syringe pump, and an 
adsorption pump; an evacuated receptacle or cylinder; or a 
negative pressure source resulting from a chemical reaction, 
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e.g., a reaction that yields a net reduced volume, such as the 
condensation reaction, 2H2(g)+02(g)Q2H2O(1). The selec 
tion of a negative pressure source can depend, among other 
things, on the compatibility of the negative pressure source 
With the ?uid, the viscosity of the ?uid, the overall resistance 
of the ?uidics system, the required ?oW rate, the capacity, 
the siZe and/or Weight of the negative pressure source, the 
electrical requirements of the negative pressure source, 
and/or the reliability of the negative pressure source. The 
?oW rate of the ?uid can be, for eXample, nl/min to ml/min. 

[0043] According to certain embodiments, the reservoirs 
can contain multiple sub-reservoirs. For eXample, a ?rst 
sealable reservoir can include a ?rst and a second ?uid 
chamber. Each chamber can have a ?uid input duct for 
WithdraWing the ?uid from the reservoir and an output end 
connected to the primary ?uid channel input end The vent 
can be con?gured to selectively seal or unseal both ?uid 
chambers. The system can be con?gured to selectively draW 
?uid into the primary ?uid channel from at least one of (1) 
the ?rst and second ?uid chambers and (2) the second 
reservoir, When the negative pressure source connected to 
the secondary ?uid channel is activated and the respective 
chambers or reservoir is unsealed. In FIG. 5, reference 
number 516 designates chambers. 

[0044] According to certain embodiments, the primary 
?uid channel can include a ?rst and a second secondary ?uid 
channel. Each of the secondary ?uid channels can contain 
input and an output end. The ?rst sealed reservoir can 
contain ?rst and second ?uid chambers. Each of the cham 
bers can contain a ?uid input and output duct connected to 
the ?rst and second secondary ?uid channel input ends. The 
vent can be con?gured to selectively seal or unseal both of 
the ?uid chambers. The system can be con?gured to selec 
tively draW ?uid into at least one of the secondary ?uid 
channels from at least one of (1) the ?rst and second ?uid 
chambers and (2) the second reservoir, When the negative 
pressure source is activated and the respective chambers or 
reservoir is unsealed. 

[0045] The negative pressure source can include ?rst and 
second negative pressure sources connected, respectively, to 
the ?rst and second secondary ?uid channel output ends, 
When, for eXample, the secondary ?uid channels are 
arranged parallel to each other. According to certain embodi 
ments, the system can be con?gured to selectively alloW 
?uid to be draWn into one or more of the secondary ?uid 
channels from the ?rst and/or second ?uid chamber, and/or 
(2) the second reservoir When the negative pressure source 
connected to the secondary ?uid channel is activated and the 
respective chamber or reservoir is unsealed, open. 

[0046] According to certain embodiments, the system can 
be an analysis system. For eXample, the system can be 
con?gured to analyZe at least one sample, such as a ?uid 
sample or a sample dispersed in a ?uid, for the presence or 
absence of a given analyte. For eXample, the ?uid channel 
can be con?gured to be responsive or sensitive to the 
presence or absence of the analyte. Thus, according to 
certain embodiments, the sample ?uid can be selectively 
draWn into the ?uid channel, Where it can interact With a 
surface or species sensitive to its presence or absence, or 
otherWise be probed, such as probed optically, magnetically, 
chemically, radioactively, and/or electrically. According to 
certain embodiments, at least one of the ?rst and second 
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reservoirs is con?gured to contain at least one sample ?uid. 
For example, the sample ?uid can be introduced into and/or 
stored in a reservoir prior to being selectively draWn into the 
primary ?uid channel. The primary ?uid channel can be the 
location of a detector for analyte detection and/or identi? 
cation. 

[0047] According to certain embodiments, the analysis 
can further involve selectively introducing at least one 
reagent ?uid into said primary ?uid channel. For example, 
the reagent ?uid can contain a rinse solution to remove 
excess sample; or a reactive solution to react With residual 
sample or species in the primary ?uid channel. According to 
certain embodiments, reagents can be introduced into the 
?uid channel any of prior to, simultaneously With, or sub 
sequent to (and combinations thereof) the introduction of the 
sample into the ?uid channel. According to certain embodi 
ments, at least one of the ?rst and second reservoirs can be 
con?gured to contain at least one reagent ?uid. For example, 
the reagent ?uid can be introduced into and/or stored in a 
reservoir prior to being selectively draWn into the primary 
?uid channel. 

[0048] According to certain embodiments, the system can 
contain a Waveguide. For example, at least one internal side 
of the primary ?uid channel can be a Waveguide, such as a 
single mode or multi-mode Waveguide. For example, 
Waveguides as disclosed in US. Pat. Nos. 6,192,168 and 
6,137,117, the disclosures of Which are incorporated herein 
by reference, can be used. According to certain embodi 
ments, the system can further contain a Waveguide for 
surface-sensitive optical detection of an analyte in a ?uid 
sample. For example, at least one internal side of the primary 
?uid channel can be a Waveguide. 

[0049] According to certain embodiments, the system can 
further include a multi-mode Waveguide for surface-sensi 
tive optical detection of an analyte in a ?uid sample. The 
multi-mode Waveguide can have a surface having a pat 
terned re?ective coating. The patterned re?ective coating 
de?nes a re?ectively coated region, e.g., and having an 
optically exposed region on the surface. The optically 
exposed region can be sensitive to the analyte so as to 
produce an alteration of the optically exposed region Which 
is indicative of the presence of the analyte in the sample. The 
alteration is detectable by launching a light Wave into the 
Waveguide to generate an evanescent ?eld on the patterned 
surface, and then detecting an interaction of the ?rst opti 
cally exposed region With the evanescent Wave. According 
to certain embodiments, the optically exposed region of the 
Waveguide can de?ne at least part of at least one surface of 
the primary ?uid channel. 

[0050] According to certain embodiments, the system can 
further include a Waveguide sensing system. The Waveguide 
sensing system can contain, for example, a plurality of 
Waveguides, each Waveguide having a ?rst surface, a second 
surface opposing the ?rst surface, and an end surface essen 
tially perpendicular to the ?rst and second surfaces. The ?rst 
surface of each of the Waveguides can have analyte recog 
nition elements thereon. This system can further include a 
Waveguide holder to Which each of the Waveguides are 
secured, and an optical detector positioned opposite the end 
surface of at least one of the Waveguides. According to 
certain embodiments, at least one of the ?rst surfaces can 
de?ne at least part of at least one surface of the primary ?uid 
channel. 
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[0051] According to certain embodiments, at least one of 
the reservoirs of the system can contain an internal cavity 
con?gured in such a manner as to be sealed from contact 
With an external atmosphere. For example, according to 
certain embodiments, the at least one internal cavity can be 
connected to a vent that is con?gured to selectively connect 
and disconnect the respective internal cavity from contact 
With the external atmosphere. According to certain embodi 
ments, the vent can be con?gured to sWitch, in a binary 
fashion, betWeen an “opened” and a “closed” position. 
Valves can be con?gured to be fully opened, partially 
opened, and fully closed and variation (including temporal) 
and combination thereof. 

[0052] According to certain embodiments, valves can be 
chosen from one-Way valves, tWo-Way values, multi-Way 
valves, and proportional valves, and combinations thereof. 
For example, if the valve is a one-Way valve, it can be 
sWitched betWeen an opened and closed position. TWo-Way 
and multi-Way valves can be used, for example, to connect 
a reservoir or cavity to multiple external pressures, including 
atmospheric, positive, and negative, and/or to additional 
?uid supplies. Valves can also be con?gured to open and 
close multiple reservoirs or cavities. For example, an input 
of a tWo-Way valve can be connected to a given pressure 
source, one of the tWo valve outputs can be connected to one 
reservoir or cavity, and the second valve output can be 
connected to another reservoir. Then, for example, the valve 
can be used to selectively connect either of the tWo (or more) 
reservoirs to the pressure source. 

[0053] According to certain embodiments, a valve V com 
prising one input I and tWo (or more) outputs O1 and O2 can 
be used to selectively seal and/or unseal tWo (or more) 
reservoirs, R1 and R2. For example, input I can be con 
nected to the atmosphere (or a positive pressure source) With 
outputs O1 and O2 connected to reservoirs R1 and R2, 
respectively. When valve V is con?gured to connect I to O1 
but not O2, R1 Will be unsealed and R2 Will be sealed. 
Likewise, When valve V is con?gured to connect I to O2 but 
not O1, R2 Will be unsealed and R1 Will be sealed 

[0054] According to certain embodiments, the system can 
be con?gured to simultaneously have ?uid draWn from the 
?rst and/or second reservoir into the primary ?uid channel at 
a ?rst and/or a second ?oW rate, respectively, When the 
difference betWeen the ?rst and second ?oW rates is propor 
tional to a difference in the unsealing of the ?rst and second 
vents. According to certain embodiments, the system can be 
con?gured to selectively have ?uid draWn from the ?rst and 
second reservoirs into the primary ?uid channel at ?rst and 
second ?oW rates, respectively, When the difference betWeen 
the ?rst and second ?oW rates is proportional to the differ 
ential ?uid ?oW resistance. The differential ?uid ?oW resis 
tance is adjusted by the sealing and unsealing of the ?rst and 
second vents. 

[0055] According to certain embodiments, at least one of 
the vents or valves can be a proportional valve con?gured to 
partially or fully unseal a reservoir. For example, to favor 
?uid ?oW from a ?rst reservoir, a proportional valve can be 
connected to the ?rst reservoir Which can then be opened to 
a relatively greater degree to a given pressure source. At the 
same time a second reservoir connected to a second reser 

voir can be opened to the same pressure source to a 

relatively lesser degree. According to certain embodiments, 
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the differential ?uid ?oW can be at least partially controlled 
by the relative pressure of the pressure sources to Which the 
reservoirs are connected. For example, to favor ?uid ?oW 
from a ?rst reservoir, it can be vented (opened) to a 
relatively high pressure source While a second reservoir can 
be connected to a relatively loW pressure source. According 
to certain embodiments, differential ?uid ?oW can be con 
trolled by any combination of proportional valves, relative 
vent source pressures, ?uid viscosities, ?uid channel diam 
eters, ?uid channel surfaces (e.g, rough, smooth, hydropho 
bic, hydrophillic, chemically derivatiZed, biologically 
derivatiZed, etc.), and pressure and current of the one or 
multiple negative pressure sources. 

[0056] According to certain embodiments, the system can 
further include a system relief vent connected to the primary 
?oW channel. For example, the system relief vent can be 
con?gured to seal or unseal, open or close, the primary ?oW 
channel from contact With an external atmosphere. Accord 
ing to certain embodiments, When the system relief vent is 
in a closed or an open position, ?uid ?oW from the reser 
voirs/chambers into the primary ?uid channel is respectively 
enabled or disabled. According to certain embodiments, the 
system relief vent can be con?gured to alloW a ?uid, such as 
air and/or any of its component gases, to ?ll the primary ?uid 
channel, and/or displace a volume of the ?uid previously 
contained therein. The previous ?uid can be, for example, a 
sample or reagent ?uid, as discussed further herein. 

[0057] According to certain embodiments, a reservoir can 
be selectively connected to atmospheric pressure or a posi 
tive pressure source that is con?gured to apply pressure 
greater than atmospheric pressure or a negative pressure 
source, that is con?gured to have a pressure less than 
atmospheric pressure to the unsealed reservoir. 

[0058] According to certain embodiments, the system can 
further contain an auxiliary ?uid reservoir and a connection 
valve. The auxiliary ?uid reservoir 335 can be connected 
through the connection valve 337 to an auxiliary input duct 
339 of at least one of the ?rst and second reservoirs. 
According to certain embodiments, the system can be con 
?gured to selectively have a ?uid draWn from the auxiliary 
?uid reservoir into the ?rst and/or second reservoir When the 
negative pressure source is activated, the connection valve is 
open, and the respective reservoir is closed or not vented to 
the atmosphere. 

[0059] The connection valve can be a multi-Way connec 
tion valve, con?gured to selectively connect the auxiliary 
input to a source chosen from the atmosphere, a positive 
pressure source, a negative pressure source, and a ?uid 
reservoir. According to certain embodiments, a single valve 
can be used to seal or unseal a reservoir, as Well as the 
connection valve to connect the reservoir to the auxiliary 
?uid reservoir. 

[0060] According to certain embodiments, the siZes and 
dimensions of the ?uid channels, including the primary and 
secondary ?uid channels, can be con?gured to control a 
range of dynamic and static parameters, including, for 
example, the ?uid ?oW rate, capacity, resistance, and turbu 
lence. According to certain embodiments, the primary ?uid 
channel and/or the connecting channels and/or other ?uid 
channels in the system can be con?gured to have minimal 
cross-sectional dimensions such that the selective ?uid 
draWing can be turbulent ?uid ?oW. 
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[0061] According to certain embodiments, the primary 
?uid channel and/or the connecting channels and/or other 
?uid channels in the system may be con?gured to have 
minimal cross-sectional dimensions such that the selective 
?uid draWing may or may not be a loW Reynolds number 
?uid ?oW. 

[0062] According to certain embodiments, the primary 
?uid channel and/or the connecting channels and/or other 
?uid channels in the system may be con?gured have mini 
mal cross-sectional dimensions such that the selective ?uid 
draWing may or may not be a loW Reynolds number ?uid 
?oW When the ?uid has a density less than ?ve times the 
density of Water. 

[0063] According to certain embodiments, the primary 
?uid channel and the connecting channels are con?gured to 
have minimal cross-sectional dimensions such that the selec 
tive ?uid draWing may or may not be a loW Reynolds 
number ?uid ?oW When the ?uid is an aqueous ?uid. 

[0064] According to certain embodiments, the system can 
further include a ?rst connecting channel and a second 
connecting channel, Wherein ?rst and second reservoirs are 
connected to the primary ?uid channel input by ?rst and 
second connecting channels, respectively. The connecting 
channels, the primary ?uid channels, the secondary channels 
and reservoir/chamber output ducts can have minimum 
cross-sectional dimensions greater than 1 micron. For 
example, the range of the cross-sectional siZe of any of the 
ducts and/or channels in Which a ?uid moves can be at least 
10% greater than the largest particle siZe found in any of the 
?uids, e.g., Whether a sample, a reagent or a indicator. 

[0065] According to certain embodiments, the system can 
include a three-dimensional ?uid circuit (or ?uid cube) 
comprising at least one of the ?rst and second reservoirs and 
the primary ?uid channel. According to certain embodi 
ments, the ?uid circuit can include a series of layers, Where 
the individual layers comprise at least partial elements of the 
?uid circuit, such that, When some or all of the series of 
layers are fused (or joined) together, complete elements of 
the ?uid circuit are formed. 

[0066] According to certain embodiments, at least partial 
elements are formed by at least one of molding and mechani 
cal, chemical, thermal, and optical etching. For example, the 
?uid circuit can include elements formed using injection 
molding techniques, as Well as elements formed using other 
molding techniques, including bloW molding. 

[0067] According to certain embodiments, the ?uid circuit 
can further include a ?rst connecting channel and a second 
connecting channel, Wherein the ?rst and second reservoir 
output duct ends are connected to the primary ?uid channel 
input ends by ?rst and second connecting channels, respec 
tively. The ?uid circuit can also be con?gured, for example, 
so that the ?rst and second connecting channels have ?rst 
and second input ends. These input ends of the connecting 
channels can be connected to the ?rst and second ?uid 
output ducts, respectively. The common channel can have a 
?rst and a second end, Where the ?rst end can be connected 
to the second ends of the connecting channels, and the 
second end be connected to the input of the primary ?uid 
channel input ends. 

[0068] According to certain embodiments, the ?rst and 
second connecting channels can further be J-shaped con 
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necting channels, Where the lower ends of the J-shaped 
connecting channels can be connected to each of the reser 
voirs and the upper ends of the connecting channels can be 
connected to the common primary channel and/or secondary 
channels. The connecting channels can further include a 
barrier. The barrier is con?gured to inhibit ?uid ?oW 
betWeen the ?rst and second connecting channels. 

[0069] According to certain embodiments, the ?uid circuit 
can further include at least one of a ?rst pressure duct and 
a second pressure duct, Where the ?rst and second pressure 
ducts connect the ?rst and second vents to the ?rst and 
second reservoirs, respectively. 

[0070] According to certain embodiments, the system can 
be a portable analysis system, that includes a three dimen 
sional ?uid circuit. The ?uid circuit can include a ?rst sealed 
reservoir. The ?rst sealed reservoir can include a ?rst ?uid 
output duct that is ?uidically connected to the primary ?uid 
channel input, and a ?rst vent con?gured to selectively seal 
and/or unseal (open or close) the ?rst reservoir. The ?uid 
circuit can further include a second sealed reservoir having 
a second ?uid output duct ?uidically connected to the 
primary ?uid channel input, and a second vent con?gured to 
selectively seal and/or unseal (open or close) the second 
reservoir. Anegative pressure source can be connected to the 
primary ?uid channel output end. The system can be con 
?gured, for eXample, to selectively draW at least one ?uid 
from at least one of the ?rst and second reservoirs into the 
primary ?uid channel When the negative pressure source is 
activated and the respective reservoir vent is unsealed. 

[0071] According to certain embodiments, the system can 
be con?gured to perform biological and/or chemical analy 
sis. The system can also comprise a three dimensional ?uid 
circuit that has a ?rst reservoir having a ?rst ?uid output duct 
?uidically connected to a primary ?uid channel input, and a 
?rst vent con?gured to selectively seal and/or unseal the ?rst 
reservoir. The system can further include a second sealed 
reservoir having a second ?uid output duct ?uidically con 
nected to the primary ?uid channel input, and a second vent 
con?gured to selectively seal and/or unseal the ?rst reser 
voir. A negative pressure source can be connected to the 
primary ?uid channel output. The system can be con?gured, 
for eXample, to selectively draW at least one ?uid from at 
least one of the ?rst and second reservoirs into the primary 
?uid channel When the negative pressure source is activated 
and the respective reservoir is unsealed. The ?uid circuit 
elements can be formed using molding or milling tech 
niques. The circuit can contain a series of layers, in Which 
some or all of the layers of the series have at least partial 
elements of the ?uid circuit. Some or all of the series of 
layers can be fused (or otherWise joined, permanently or 
temporarily) together to form completed elements of the 
?uid circuit. The at least partial elements are formed by, for 
eXample, at least one of molding and mechanical, chemical, 
thermal, and optical etching. The ?uid circuit can further 
include a ?rst connecting channel and a second connecting 
channel, Where the ?rst and second ?uid outputs are con 
nected to the primary ?uid channel input by ?rst and second 
connecting channels, respectively. 

[0072] The system can further contain a common channel. 
It can be con?gured such that the ?rst ends of the connecting 
channels are connected to the ?rst and second ?uid outputs, 
respectively, and a ?rst end of the common channel is 
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connected to the second ends of the output connecting 
channels, and a second end of the common channel is 
connected to the input of the primary ?uid channel input. 
The ?rst and second output connecting channels can also 
have J-shaped connecting channels con?gured such that the 
loWer end of the J -shaped connecting channel is connected 
to the reservoir, e.g., at the bottom of the reservoir. The 
upper end of each connecting channels is connected to the 
common channel. The connecting channels can further 
include a barrier con?gured to inhibit ?uid ?oW betWeen the 
?rst and second output connecting channels. Additionally, 
the ?uid circuit can further include at least one of a ?rst 
pressure duct and a second pressure duct, Where the ?rst and 
second pressure ducts connect the ?rst and second vents to 
the ?rst and second reservoirs, respectively. 

[0073] According to certain embodiments, the present 
invention comprises a method of controlling ?uid ?oW. The 
method can comprise, for eXample, selectively draWing at 
least one ?uid from at least one of a ?rst and a second 
reservoir into a primary ?uid channel. The selective draWing 
involves activating a negative pressure source and unsealing 
one of the reservoirs. According to certain embodiments, the 
?rst reservoir can contain a ?rst ?uid output duct ?uidically 
connected to the primary ?uid channel input, and a ?rst vent 
con?gured to selectively seal and/or unseal the ?rst reser 
voir. According to certain embodiments, the second reser 
voir can contain a second ?uid output duct ?uidically 
connected to the primary ?uid channel input, and a second 
vent con?gured to selectively seal and/or unseal the second 
reservoir. According to certain embodiments, the negative 
pressure source can be connected to the primary ?uid 
channel output. 

[0074] According to certain embodiments, the selective 
draWing of a ?uid can involve (Wholly, partially, and/or for 
a controlled duration and/or cycle) sealing at least one of the 
unselected reservoirs and/or (Wholly, partially, and/or for a 
controlled duration and/or cycle) unsealing at least one of 
the selected reservoirs, and draWing at least one ?uid from 
at least one selected reservoir. 

[0075] According to certain embodiments, the selective 
draWing can involve partially unsealing at least one ?rst 
selected reservoir and partially unsealing at least one second 
selected reservoir, and draWing ?uid from both the ?rst and 
second reservoirs. For eXample, partial opening means par 
tially unsealing (or opening) a vent to partially open a 
reservoir to at least one of the atmosphere and applied 
pressure. 

[0076] According to certain embodiments, unsealing a 
selected reservoir can involve connecting it to a ?rst pres 
sure source, and sealing a selected reservoir can involve 
connecting it to a second pressure source, Where the pressure 
of the ?rst pressure source is greater than the pressure of the 
second pressure source. According to certain embodiments, 
unsealing a selected reservoir can involve opening a vent 
such that the selected reservoir is connected to atmospheric 
pressure, e.g., by releasing the vacuum. According to certain 
embodiments, unsealing a selected reservoir can involve 
application of a pressure less than an atmospheric pressure 
to the selected reservoir. According to certain embodiments, 
sealing a selected reservoir can involve applying a pressure 
greater than an atmospheric pressure to the selected reser 
voir. 
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[0077] According to certain embodiments, the present 
invention comprises a method of performing an assay. The 
method can allow for the, for example, selective draWing of 
a sample ?uid from a sample reservoir into a primary ?uid 
channel. According to certain embodiments, the selected 
sample (reagent) ?uid that is draWn can involve activating 
the negative pressure source, unsealing the sample (reagent) 
reservoir, and sealing the reagent (sample) reservoir. 

[0078] According to certain embodiments, at least one 
side of the primary ?uid channel is con?gured to at least one 
of capture, recogniZe, respond to, and detect at least one 
analyte. At least one side can contain a Waveguide that can, 
for example, have a ?rst optically exposed region sensitive 
to a ?rst analyte so as to produce an alteration of the ?rst 
optically exposed region that is indicative of the presence of 
the ?rst analyte in the sample. The alteration is detectable by 
launching a light Wave into the Waveguide to generate an 
evanescent ?eld at the patterned surface, and then detecting 
an interaction of the ?rst optically exposed region With the 
evanescent Wave. 

[0079] According to certain embodiments, the Waveguide 
can contain a multimode Waveguide having a surface bear 
ing a patterned re?ective coating. The patterned re?ective 
coating de?ning a re?ectively coated region and an optically 
exposed region on the surface. The optically exposed region 
is con?gured to produce an alteration that is indicative of the 
presence of an analyte. The alteration is detectable by 
launching a light Wave into the Waveguide to generate an 
evanescent ?eld at the patterned surface, and then detecting 
an interaction of the optically exposed region With the 
evanescent Wave. 

[0080] According to certain embodiments, the at least one 
?uid has a density not less than an atmospheric density. The 
?uid may, for example, comprise a liquid, a gas having a 
density not less than an atmospheric density, and/or a 
mixture Wherein the density of the mixture is not less than 
an atmospheric density. 

[0081] According to certain embodiments, the at least one 
?uid can be a dispersion, a solution, a suspension, or an 
emulsion. According to certain embodiments, the at least 
one ?uid can be an aqueous ?uid. 

[0082] According to certain embodiments, at least one 
?uid can be a biological or chemical specie. For example, at 
least one ?uid can contain an antibody, antigen, toxin, drug, 
metabolite, polypeptide virus, protein, cell, amino acid, or 
amino acid sequence. For example, the ?uid can be a buffer, 
stabiliZer, preservative, enZyme, sugar or lack of a metabo 
lite. 

[0083] According to certain embodiments, the at least one 
?uid can be tagged labels, including tagged labels selected 
from optically, radioactively, magnetically, chemically, bio 
logically, and physically (such as mass and/or siZe and/or 
shape) tagged labels. 

[0084] According to certain embodiments, the invention 
pertains to a method and apparatus for delivery a ?uid to a 
selected reservoir. For example, if the negative pressure 
source in FIG. 1 is a pump con?gured to push a ?uid 
toWards the reservoirs, and one reservoir 116 is unsealed and 
the other reservoir 122 is sealed, the ?uid Will be selectively 
delivered to the unsealed reservoir 116. 
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[0085] The invention Will be further clari?ed by the fol 
loWing examples, Which are intended to be purely exem 
plary of the invention. 

EXAMPLE I 

[0086] Aschematic illustration of an exemplary ?uid ?oW 
control arrangement 400 is depicted in FIG. 4. Arrangement 
400 includes three reservoirs 416, 422, and 460 in Which 
respective ?uids 430, 432, 462 and gas space 434 are 
contained. The reservoirs are all ?uid-tight (enclosed). Flu 
idly connected to each reservoir is a respective pressure 
relief valve 464, 466, 468. Pressure relief valves can be 
manually or remotely actuated to move betWeen an open 
position Where pressure relief or air is provided to the 
respective reservoir and a closed position Where no pressure 
relief or air is provided to the respective reservoir. In this 
arrangement, pressure relief valves are each automatically 
actuated remotely by a suitable control 470 as schematically 
shoWn, and are in a closed (default) position When not 
actuated. Extending into or near a bottom of each respective 
reservoir is a respective outlet pathWay or duct 418, 424, 
472. The outlet ducts are connected by a manifold, 450, to 
a primary ?uid channel, 410, Which is in turn connected to 
a negative pressure, 428, as a pump. Any number of reser 
voirs can be similarly connected to the manifold as long as 
the manifold has sufficient branches. 

[0087] When it is desired to draW a selected ?uid from the 
associated reservoir, such as ?uid 430 from associated 
reservoir 416 the associated pressure relief valve 464 is 
actuated to move from the closed position to the open 
position (as shoWn in FIG. 4). With this opening of the 
pressure relief valve, atmospheric air is noW alloWed to back 
?ll the reservoir. At the same time, or previously or subse 
quently, negative pressure source 428 is actuated to exert a 
negative pressure, e.g. suction, on all ?uids in all reservoirs. 
HoWever, as only reservoir 416 has an open pressure relief 
valve 464, only ?uid 430 is draWn from reservoir 416 into 
outlet duct 418 and through manifold 450 to the desired 
delivery point. In this manner, ?uid 430 is preferentially 
draWn from reservoir 416 as air is permitted to ?oW into and 
back ?ll reservoir 416 through open valve 464 While reser 
voirs 422 and 460 remained sealed from the atmosphere and 
hence comparatively resistant to ?oW into the outlet ducts 
424 and 472. If more than one pressure relief valve is 
opened, then ?uids from multiple reservoirs can be draWn 
though manifold 450 simultaneously, and combined at the 
common outlet of manifold and then conducted toWards the 
negative pressure source 428 

[0088] It can thus be appreciated that the ?uid ?oW control 
arrangement 400 alloWs for selective is ?uid ?oW from a 
selected reservoir to a use point, e.g., the primary channel or 
a detector in the primary channel. The necessity of passing 
the selected ?uid through any valves or the necessity of 
resorting to micro-scale ?uidics channels is eliminated. 
Thus, While the system can or can not contain valves through 
Which the ?uids must pass, such valves are not required for 
all embodiments and problems With valves and channels 
clogging due to contaminants in the ?uid are avoided. It Will 
further be appreciated that this arrangement is a reduction in 
both the overall siZe and poWer consumption compared to 
other ?uidics arrangements as the pressure relief valves can 
be made relatively small since normally only a gas passes 
through and such a small valve requires very little poWer. 
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EXAMPLE II 

[0089] Depicted schematically in FIG. 5 is a ?rst embodi 
ment of a portable bio/chemical analysis system 500 incor 
porating a ?uid ?oW control arrangement as broadly dis 
cussed above Whereby a plurality of sample ?uids can be 
?rst simultaneously analyZed and then can be further simul 
taneously analyZed after addition of one or more reagents. 
The system includes a bio/chemical analysis device 574 
having analyZing channels 576 in Which analysis of a ?uid 
can be performed as is Well knoWn in the art. One surface of 
the analyZing channels 576 can be a Waveguide for perform 
ing optical analysis. For example, a Waveguide in the plane 
of the ?gure co-eXtensive in area With the analysis device 
574 could be used. Each analyZing channel 576 includes an 
associated inlet 578 and an associated outlet 580 as shoWn. 
Associated With each analyZing channel 576 is a sample 
reservoir/chamber 516 in Which a sample ?uid 530 and air 
534 are respectively provided. First pathWays or ducts 518 
respectively connect a bottom of sample reservoirs 516 to 
respective inlets 578 of analysis device 574 All sample 
reservoirs 516 are connected to a common sample pressure 
relief valve 536 as schematically shoWn. When sample 
pressure relief valve 536 is opened, pressure relief (back ?ll 
air) is provided above each sample in each reservoir. 

[0090] Bio/chemical analysis system 500 also includes 
reagent reservoirs 582 in Which reagent ?uids 584 and air 
space 534 are respectively provided. Each reagent ?uid is 
conducted through a second pathWay to the associated 
analyZing channel 576. This second pathWay includes sec 
ond ducts 586 respectively connected to a loWer portion, i.e., 
beloW an upper level of each ?uid 584 of each reagent 
reservoir 582, and a common duct 588 connected to the tops 
of sample reservoirs 516. In this embodiment Where reagent 
?uid 584 is delivered to a selected reservoir, the second 
pathWay includes ducts 518 as Well to complete the path to 
the analyZing channels 576. Each reagent reservoir has 
connected thereto a respective reagent pressure relief valve 
590 as shoWn. 

[0091] As shoWn in FIG. 5, the system further includes a 
pump 528 Which serves as a source of negative pressure to 
draW ?uids into and through analyZing channels 576 of 
analysis device. Pump 528 is connected to an outlet duct 592 
of a suitable manifold 550, Whose inlet ducts 594 are 
respectively connected to outlets 580 of analysis device. If 
desired, a system pressure relief valve 596 is also connected 
to outlet duct 592 of manifold 550. System pressure relief 
valve 596 is opened to feed gas to pump 528 and hence to 
disable any ?oW of sample or reagent ?uids in analysis 
system. One or more system pressure relief vents can also be 
connected to inlets 578, and can not only disable ?uid 530 
or 584 ?oW through the channels 576, but also can be used 
to introduce air or gas into the channels, e.g., 576 to displace 
the ?uids 530 or 584 and/or to dry interior surfaces of 
channels 576 

[0092] With this system, it is possible to analyZe sample 
?uids 530 simultaneously With analysis device 574, both 
before and then after the addition of one or tWo reagent 
?uids 584 to the sample ?uid. Thus, in operation, pump 528 
is initially actuated after analysis device 574 is made ready 
to analyZe any associated ?uid passing through respective 
analyZing channels 576. Sample pressure relief valve 536 is 
then simultaneously (or subsequently or previously) opened, 
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alloWing back ?ll air into all sample reservoirs 516. This 
alloWs the pump 528 to draW the associated sample ?uid 530 
from each respective reservoir 516 through the associated 
analyZing channel 576, Where analysis device 574 conducts 
all or part of the needed analysis for a reading or analysis of 
each respective sample ?uid. During this initial analysis 
step, reagent pressure relief valves 590 are all closed, so no 
reagent ?uid is draWn into sample reservoirs. 

[0093] After the ?rst analysis step of the sample ?uids is 
accomplished, sample pressure relief valve 536 is closed and 
a selected one (or both) of reagent pressure relief valves 590 
is opened. This causes the negative pressure created by 
pump 528 in each sample reservoir 516 to cause a ?oW of 
reagent ?uid from Whichever reagent reservoir 582 can be 
back ?lled With air due to an open reagent pressure relief 
valve 590. Thus, after a small time period of operation of 
pump 528 after opening of one or more reagent pressure 
relief valves 590, a reagent ?uid 584 is delivered to the 
associated analyZing channels 576 for analysis by analysis 
device 574. If the sample ?uid had been substantially 
depleted from the reservoirs, then relatively pure reagent 
may be delivered to the channels. HoWever, if the sample 
?uid has not been substantially completely removed, accord 
ing to the embodiment shoWn in FIG. 5, the reagent could 
be miXed With the sample ?uid in reservoir. According to 
one mode of operation, one of the regent ?uids Would be a 
Wash ?uid, such as a buffer ?uid, to Wholly or partially rinse 
remaining sample ?uid out of reservoirs and channels. Then, 
for eXample, a second reagent ?uid can be delivered through 
reservoirs into channels Without miXing With sample ?uids. 

[0094] Where required, the amount of reagent ?uid deliv 
ered to each sample reservoir can be varied as desired Where 
the rate of ?oW of reagent ?uid through ducts is knoWn and 
the associated open pressure relief valve is closed after the 
desired ?oW volume is achieved (after Which sample pres 
sure relief valve is opened again). Alternately, the amount of 
reagent ?uid in each reagent reservoir can be knoWn, and 
?oW maintained until the associated reagent reservoir is 
emptied. Similarly, the amount of sample ?uid in each 
sample reservoir can be controlled by knoWing the initial 
volume as Well as the ?oW rate through ?rst ducts and inlets; 
and this control can include emptying of the sample ?uid 
therefrom so that only a reagent ?uid is then draWn to the 
analysis device. 

[0095] When considering the range of ?uid types, channel/ 
duct siZes, pump pressures, and substrate materials, the 
folloWing may also be considered. The relief valve control 
arrangement for the ?uidics system operates When the 
resistance to ?oW of a ?rst ?uid in a ?rst reservoir (due to 
surface tension, channel siZe, channel material, etc.) is less 
than the resistance to ?oW of a second ?uid in the second 
reservoir that has been sealed-off from the atmosphere. This 
difference in resistance betWeen the ?oW of the ?rst and 
second ?uids should be greater than the potential of the 
negative pressure source at the ?oW rate used. Without being 
bound by theory, a relation analogous to Ohm’s laW can be 
used to express this requirement. That is, relief valve control 
Will operate under conditions such that: 

R>P/1, 

[0096] Where: 
[0097] R=R2—R1, Where R2 is the resistance to ?uid 
?oW caused by sealing the ?uid from atmosphere and 
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R1 is the resistance to ?uid ?oW due to factors such 
as ?uid channel siZe, viscosity, channel material, 
etc.; and 

[0098] P is the pressure difference betWeen the nega 
tive pressure source and ambient or sealing pressure; 
and 

[0099] I is the ?oW rate of the negative pressure 
source. 

EXAMPLE III 

[0100] As shoWn schematically in FIG. 1, tWo reservoirs 
116, 122 Were connected through a manifold 150 to a 
primary ?uid channel 110 comprising ?uorescence detector, 
133. The ?uorescence detector Was used to detect a ?uo 
rescent dye in one of the ?uids 130, possibly Water. The 
reservoir 116 contained Water. Reservoir 122 contained a 60 
nM aqueous solution of ?uorescent dye CyS, 132. Each 
reservoir Was sealed, closed, to the atmosphere eXcept that 
each Was connected to vents 120, 126 to micro relief valves 
136 (“vent 1”) and (“vent 2”) (LFAA12034, The Lee Com 
pany), respectively. The default closed position of the valve 
caused the given reservoir to be sealed from the atmosphere. 
The relief valves 136 could be individually actuated (via a 
12 volt signal) to open a given reservoir to atmospheric 
pressure. The negative pressure source 128 Was a peristaltic 
pump, running at 1.5 ml/min. It Was used to draW ?uid from 
each of the reservoirs and through the ?uid channel 110 
comprising detector 133 to a Waste collector (not shoWn). In 
this con?guration and as described above, When vent 120 
Was open the ?uid in 116 (Water) Would be draWn through 
the detector by the pump. The ?uid, CyS, 132 did not ?oW 
because of its greater resistance to ?oW resulting from the 
inability of air to replace back ?ll the ?uid being WithdraWn 
from the reservoir. The ?uid in 124 Would ?oW, exclusively, 
When vent 120 Was closed and vent 126 Was opened, and 
negative pressure source 128 Was activated. 

[0101] As shoWn in FIG. 6, When vent 120 Was opened 
and vent 126 Was closed and the negative pressure source 
128 Was activated (see control signal, solid line, right 
y-aXis), the ?uorescence detector recorded a signal level of 
Zero 698 (see ?uorescence signal, line With points, left 
y-aXis). This indicated that the Water Was pulled through the 
system. HoWever, When vent 120 Was closed and vent 126 
Was opened (and negative pressure source Was 128 Was 
activated), the ?uorescence signal 699 rose sharply (in 
arbitrary units) since the Cy5 solution in 122 Was draWn 
through the system and detected. The slight delay of the 
signal rise as compared to the opening of vent 126 Was due 
to the ?nite distance that the ?uid needed to ?oW from the 
T-junction (manifold 150) to the detector. The tailing of the 
signal level to Zero When 120 Was open Was attributed to the 
detection of residual Cy5 in the ?uid channels being Washed 
out by the Water. 

EXAMPLE IV 

[0102] Depicted in FIG. 7 is a simpli?ed (for convenience 
of illustration) ?uid ?uidics circuit Which has been embod 
ied in a modular block or cube 700 formed of a series of 

layers 702, 704, 706, 708, 709 (from bottom to top). Cube 
700 Was designed to ?t into a preformed receptacle of a 
bio/chemical analysis device and to have an overall small 
siZe of, for eXample, 75 cm3 Where siX sample reservoirs 716 
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and siX reagent reservoirs 782 Were provided for processing. 
Cube 700 can be designed for use in a number of different 
assay formats (parallel, individually selective, etc.), depend 
ing on the requirements. In this embodiment, each sample 
reservoir 716 and corresponding (paired) reagent reservoir 
782 Was each selectively connected to a respective analyZing 
channel in the analysis device, With all sample ?uids or all 
reagent ?uids being conducted at the same time. SiX differ 
ent ?uid samples Were analyZed simultaneously. Each 
sample can be analyZed for siX different analytes When 
combined With an array sensor, e.g., as disclosed by M. J. 
Feldstein et al., Array Biosensor: Optical and Fluidics Sys 
tems, Biomedical Microdevices 1(2) (1999), and Dodson et 
al., Fluidics Cube for Biosensor MiniaturiZation, Analytical 
Chemistry, 2001, (the disclosures of Which are incorporated 
in their entireties by reference). Alternately, cube 700 could 
be suitable for use With other assay methodologies as 
desired. 

[0103] Cube 700 is essentially a passive ?uid circuit in 
that it operates Without the use of any internal valves or 
meters. Internal valves and/or meters could, of course, be 
added. Instead, the ?uid circuit operates by use of eXternal 
pressure relief valves and a pump in the analysis device. As 
shoWn, cube 700 Was constructed of stacked layers of, for 
eXample, a thermoplastic such as poly(methylmethacrylate) 
for layers 704, 709 but optionally having a loWer surface of 
layer 702 made of a compressible material such as neoprene, 
for pressure based sealing of the cube 700 to, for eXample, 
an assay ?oW cell as described in M. J. Feldstein et al., Array 
Biosensor: Optical and Fluidics Systems, Biomedical 
Microa'evices, 1, (2), 1999. Likewise, a loWer surface of 
layer 709 and/or an upper surface of layer 708 can optionally 
be made from a compressible material, for pressure based 
sealing of layer 709 to an upper surface of layer 708. When 
aligned, using, for eXample alignment holes 711 and joined 
together into cube 700, the essentially tWo-dimensional 
features of each layer provide the ?uid circuit required for 
the present invention. Layers 704, 708 Were stacked and 
then fused into cube under moderate pressure and heating to 
just above the glass transition temperature so that cube Was 
made ?uid-tight. Other methods of joining the layers 
together, such as adhesives or applied pressure and com 
pressible seals, could also be used in place of or in combi 
nation With the thermal fusing process. The top layer, layer 
709, can be attached to the cube using bolts in bolt holes 713 
(With corresponding receptacles for the bolts in at least one 
of layers 702-708) or a bolt receptacles positioned beloW 
layer 702, that seals the cube using a gasket arranged 
betWeen the layer 702 and the rest of cube. Sample ?uids and 
reagent ?uids can be placed into the cube before top layer 
702 is attached thereto, or if desired, a dried reagent or 
sample can be placed into reagent reservoirs 786 before 
sealing for use When ?uid is later added after sealing. 

[0104] As shoWn in FIG. 7, cube 700 includes holes in 
each layer forming sample reservoirs 716, reagent reservoirs 
782, outlet channels 780 (connected to the analyZing chan 
nels and the source of negative pressure), ?rst ducts 786, and 
second ducts 786. In layer 704, suitable ?uid connections 
715 are made at the bottoms of sample reservoirs 716 to the 
bottoms of ?rst ducts 718, and similarly suitable ?uid 
connections 717 are made at the bottoms of reagent reser 
voirs 782 to the bottoms of second ducts 786. In layer 708 
the tops of outlet channels 780 therebeneath are connected 
by ?uid connections 719 to the tops of ?rst ducts 718 and 












